Some Issues in the Development
of Computer Art as a Mathematical

Art Form

athematics has been an activity of crucial
importance in human thought for many centuries, and no
more so than now in this computer age. Yet its ways of think-
ing often seem an anathema to artistic values, its products
remaining aloof, alien and detached from experience.
Mathematics has also tended to stand apart from the empiri-
cal sciences. It does not seem to involve the same kind of
inductive reasoning and the testing of theories against ob-
servation, but appears to be self-sufficient. In the great
debate between the Rationalist and Empiricist philosophers
of the eighteenth century, mathematics was the prime ex-
ample of the human mind’s ability to construct abstract
theories of great power from pure deductive reasoning.
Even when Kant tried to unite these tendencies of Western
philosophy, he preserved the role of mathematics as the
keeper of a priori logical truths.

“Mathematics is the science that draws necessary conclu-
sions” was the definition attributed to mathematician Ben-
jamin Peirce in 1881; it was a view echoed by many thinkers
at the turn of the century [1]. Indeed mathematics does
have this quality of certainty about it: its theorems follow in-
evitably from self-evident assumptions of axioms using the
logical laws of non-contradiction. This feeling of complete-
ness due to the conception of mathematics as a closed system

Fig. 1. Richard Wright, The Dis-
embodied Intelligence. Face Model
by Keith Waters. Software:
artist’s own software in ‘C’.
Hardware: VAX 11 /785, Gems
Framestore, Dunn Film Re-
corder. Format: 35mm slide of
computer-generated image,
1988. The computer as a model
of human intelligence is one es-
sentially detached from its en-
vironment, existing somewhat
out of context. In this image the
familiar human visage is sur-
rounded by objects symbolising
the results of intelligence
abstracting from the world it in-
teracts with. These include the
five regular Platonic solids as
well as an irregular bump-
mapped sphere and textured
background. The face is
rendered as transparent, to give
a sense of both reality and un-
reality: an ethereal conscious-
ness floating in a private world
of mental constructs.
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causes many people to be sur-
prised that there is such a thing
as the creation of new mathema-
tics at all.

The aim of this article is to
reach an understanding of the
nature of mathematical activity,
a definition that might be useful
to computer artists. We begin by
asking what mathematics and
art, as descriptions of the world,
have in common. Firstly, how ra-
tional is art, is it a logical sort of
process that just produces pic-
tures instead of theorems, and
can it therefore be appreciated
in those terms? The answer to
these questions will be neither
yes nor no, but the discussion will
be used to probe further the
realms of mathematics and art.

ABSTRACT

In this paper the author con-
siders some of the issues that arise
when mathematics is used to make
art (predominantly visual art), in par-
ticular the possible conflicts be-
tween the role of the mathematician
as artist and of the artist as mathe-
matician. Mathematics in art can be
approached in a number of ways,
as analyses and ‘simulations’ of art-
works and processes perhaps by
artificially intelligent systems, as
‘ready-made’ mathematical objects
appropriated by an artist, or as pro-
ducts of the creative imagination in
their own right. These approaches
are examined and criticised, and
connections are made and used to
highlight the difference between the
mathematics of art and mathemat-
ics as art. The relevance of ideas in
the theoretical history of computing
and philosophy of mathematics is
revealed and used to open up a
critical context for this kind of com-
puter art.

Richard Wright, Centre for Advanced Study in Computer Aided Art and Design,
Middlesex Polytechnic, Cat Hill, East Barnet, Herts, EN4 8HT, United Kingdom.

Received 27 April 1988.

LEONARDO, Electronic Art Supplemental Issue, pp. 103-110, 1988

103

The MIT Press is collaborating with JSTOR to digitize, preserve, and extend access to

Leonardo. Supplemental Issue. RIKORS
www.jstor.org




104

Mathematical models view the world
as a sequence of precisely related
events, and one might question
whether art falls into this category or
even if it is a relevant approach at all.
Because art is regarded as reflecting
the deepest experiences of the human
mind, the mathematics of art might on
the one hand imply a far-reaching
explanation of the nature of psycho-
logical processes; on the other hand it
might contribute just another theo-
retical tool to art-making, like colour
theory did at the end of the nine-
teenth century.

THE COMPUTER
AS ARTIST

As part of the effort in recent years to
explain aspects of human activity in
terms of mathematical and compu-
tational processes, art and algorithmic
aesthetics have received a certain
amount of attention [2]. This has
often taken the form of analysing ex-
isting artworks in order to reveal some

mathematical structure in them, a
structure perhaps not consciously in-
tended by the artist but forming some
subliminal deterministic basis to his or
her artistic decisions. Before the ad-
vent of artificial intelligence research,
the idea that aesthetic appreciation
might have an underlying mathemati-
cal explanation was believed by many
writers who sometimes conducted dis-
sections of classical paintings to find
some compositional format [3]. Justas
the language of musical harmony was
derived from geometrical ratios—
legend has it by the philosopher/
mathematician  Pythagoras—geom-
etry has often seemed an obvious start-
ing point for a mathematical analysis
of fine art, and developments this cen-
tury have been no exception. Many of
these attempts have since been criti-
cised as being gratuitous, although it
is well known that particular artists,
especially of the early Renaissance,
and some composers have used geo-
metrical proportions as compositional
aids [4].
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The implication of much artificial
intelligence work, however, is by ex-
tension to show that the mental pro-
cesses going on inside the artist’s head
are also of an algorithmic nature and
may also express themselves in art-
works in the form of various mathe-
matically defined characteristics. In
order to be able to recognise a ‘suc-
cessful’ creation of a work of art by a
machine without having to wrestle
with the philosophical problems of de-
fining art explicitly, these scientists
normally use a behavioural definition.
It amounts to saying that if an art
object produced by some ‘artificial’
method is generally accepted by its
spectators as a genuine work of art,
then it is so defined. Some early com-
puter art was produced in a similar
fashion by formulating a set of genera-
tive rules derived from a particular art-
ist’s style and then making them act
upon a group of simple pictorial
elements (e.g. A. Michael Noll’s com-
putergenerated ‘Mondrians’ [5]).
The resultant images are then com-
pared to actual examples of the origi-

Fig. 2. Richard
Wright, Image
from the Man-
delbrot Set.
Software: artist’s
own software in
Pascal. Hard-
ware: IBM 4041,
IBM 5080 Dis-
play. Format:
photographic
print of com-
puter-generated
image, 1985. An
example of ‘Map
Art’, mathemati-
cal objects pro-
duced and
studied by mathe-
maticians and
also exhibited as



nal artist’s work. More recently, and
with substantial success, Harold Co-
hen has sought through his artificially
intelligent program AARON to simu-
late the pictorial forms of his earlier
painting style [6]. Though the pro-
gram begins with basically random ele-
ments, it is guided by a highly sophis-
ticated system of aesthetic rules that
Cohen has built up by carefully observ-
ing his own artistic methods and pref-
erences.

Instead of being the results of au-
tonomous art-making, though, these
works might be seen as an extended
form of reproduction, of a pictorial
style. What is the point of these math-
ematical ‘forgeries’, of computer-au-
tomated art, filling the world with plot-
ter drawings like the model T Ford?
The possibility of the computer as an
‘original’ artist does not in itself tell us
much about what to expect from such
art, what issues it would address. Al-
though these criticisms might appear
premature, the most obvious differ-
ence between this behavioural ap-
proach to making art and what artists
actually do is something in philosophy
called intentionality—it concentrates
on howart is produced rather than why
[7]. Attempts to explain why an artist
might have chosen a particular style or
what the artist hopes to achieve by
engaging in this occupation are not
considered relevant to the computer
model. But is not this sort of criticism
also vulnerable to the same argument
that is used to construct it? Namely,
that it in turn ignores the reasons why
this attempt to re-create a work of art
was undertaken by computer scien-
tist/artists in the first place. Perhaps
their implied belief that nature is
mathematically determined is as good
an artistic reason as any, though this
would mean their having to include
themselves and their motives in their
model of art. So in what sense could a
computer model an artist’s beha-
viour? This leads us to a consideration
of mathematics as a system of repre-
sentation and of its limitations, espe-
cially as regards the problems of artifi-
cial intelligence.

Al AND PROBLEMS
OF SEMANTICS

In his paper that has come to provide
so much of the theoretical justification
for artificial intelligence research,
Alan Turing introduced a definition
of intelligence by which machine

Fig. 3. Richard Wright, Cellular Object No. 3. Software: artist’s own software in ‘C’.

Hardware: VAX 11/785, Gems Framestore, Dunn Film Recorder. Format: 35mm slide of
computer-generated image, 1987. A set of data has been generated by a cellular growth
algorithm, modeled using spheres and rendered using ray-tracing. The object is com-
posed of several thousand individual particles, points picked out of a 3-D lattice, forming
clumps of varying shapes and sizes. They were coloured by a solid texturing function to
suggest an alternative form of coherence for this imaginary structure.

intelligence could be assessed [8].
Turing proposed an operational defi-
nition of thinking called the Imitation
Principle. He described a game in
which an interrogator would have to
decide which of two people, aman and
a woman, was the woman on the basis
of written replies to questions. Both
were allowed any method of persua-
sion except practical demonstrations
to try to convince the interrogator that
they were the woman. The point was
that the successful imitation of the wo-
man by the man would not prove any-
thing, because gender was based on
physical facts not reducible to sym-
bols. In contrast to this, Turing argued
that the method would apply to intel-
ligence, so that a computer would be
displaying intelligent behaviour if the
interrogator could not tell a computer
apart from a man. There was no way of
judging whether people were thinking
intelligently other than by comparison
with oneself, and he saw no reason to
treat computers any differently.

As to whether the human senses,
muscular activity and bodily chemistry
were relevant to thinking, Turing
wrote:

It will not be possible to apply exactly
the same teaching process to the ma-
chine as to a normal child. . . . one
could not send the creature to school
without the other children making

excessive fun of it. . . . We should not
be too concerned about the lack of
eyes, legs, etc. The example of Miss
Helen Keller shows that education
can take place provided that com-
munication in both directions be-
tween teacher and pupil can take
place by some means or other.

For his proposed subjects for auto-
mation Turing chose only those that
involved no contact with the outside
world—chess, mathematics, cryptoan-
alysis, anything that was primarily a
matter of technique. This approach as-
sumed that the physical characteristics
of the brain and body had no direct
bearing on intelligent activity, that it
was possible to abstract the essential
properties of thinking and limit them
to symbol manipulation. But the pur-
pose of intelligent behaviour is to
guide the human organism through
its dealings with the outside world.
Can there be such a thing as a disem-
bodied intelligence, detached from its
environment and existing somewhat
out of context? Should a discussion of
intelligence be limited to what goes on
inside our heads or must it include an
organism’s entire way of life? Intel-
ligence operates in order to effect
changes in the world in which it lives;
otherwise it is a meaningless game,
devoid of a raison d’étre.
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Fig. 4. Richard Wright, Window. Software: artist’s own software in ‘C’. Hardware: VAX
11/785, Ikon Framestore. Format: 35mm slide of computer-generated image, 1988. Two
surfaces have been rendered in close-up in order to create an ambiguity between the
image as a representation of a solid object and the physical reality of the picture plane. A
transparent cover is shielding us from another surface beyond, like a view through the
glass of the screen.

Turing anticipated some objections
to his thesis:

May not machines carry out some-
thing which might be described as
thinking but which is very different
from whataman does? This objection
isa very strong one, but if we can con-
struct a machine to play the imitation
game we should not be troubled by
this objection.

In any case the disembodied Turing
machine would naturally display an in-
telligence very different from human
intelligence. Building a thinking ma-
chine might be as appropriate as try-
ing to breed a flower that barked like
adog.

At first it might seem justified to
build a behavioural representation of
the artistic process that does not in-
clude artistic motivation—as long as
the computer system is capable of
making objects that other people can
respond to as art then one has indeed
succeeded in producing bona fide art-
works. Supposedly no one would need
to know why or even how they had
been made. But to concentrate atten-
tion on the art object in its final state
without regard to the context in which
it was made would be to neglect the
function of artistic endeavours. Nor-
mally it is difficult to see how it can
make sense to talk of ‘simulating’ or

‘modelling’ art, because the model
always tends to become part of the
artwork itself. If we see a computer-
simulated Mondrian next to a ‘real’
Mondrian, for instance, then ob-
viously much of the meaningfulness of
that comparison is generated by the
knowledge that one was created by a
human and the other by a machine.
To take this one stage further, if the
spectator is deliberately prevented
from gaining knowledge of how the
work was created, or given false infor-
mation regarding this, then it would
seem wise to regard part of the content
of the resulting artwork as being deter-
mined by the motive behind this act of
deception. To doom the spectator to
perpetual ignorance concerning the
true origins of what is being presented
as art is to deny one of the great objec-
tives of art: a means of gaining self-
knowledge. How much of ourselves
would we see reflected in an ‘autono-
mous’ computer’s art? Would we feel
sympathy with it or alienation?

A mind is a bit like a stone falling
into a pond and sending ripples travel-
ling out all over the surface and bounc-
ing back again from the banks. We
might point to the center of the rip-
ples where the stone first struck and
say ‘Here is a mind’, but we must also
look beyond this to the undulating
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surface where the interference of
many drops is apparent. A computer
is then like a plastic beaker half filled
with water; it can gently bob up and
down to the rhythm of the waves and
its contents are also the constituents of
the pond water, but it is essentially
sealed from its environment. To accu-
rately model the complex dynamics of
turbulent flow, research suggests we
need an explicit simulation rather
than to study particles in isolation [9];
perhaps to build a really human-like
mind it would be necessary to model a
whole society of minds. But the com-
puter-mind, of course, is already func-
tioning in a society of minds—the hu-
man society that spawned it—and it
can be semantically grasped only with
respect to that social context.

It has been suggested that we can
either use the computer in a premedi-
tated way for a particular end like any
other medium or tool, or else leave it
to operate without human interfer-
ence as much as possible, presenting
the results later, for the viewer to pro-
vide semantic content [10]. But we
cannot unload our artistic responsi-
bilities onto the computer quite so
easily as this. If we agree that art is a
language and that its functioning de-
pends on our sharing a common cul-
tural context, then we must concede
that an artist and his or her public do
not operate in isolation from one
another. To function as an artist, an
artificially intelligent machine would
have to be aware of the world of social
intercourse, but this does not mean
that it cannot produce art, as long as
we recognise the wider significance of
the computer in human affairs as part
of the context in which the artwork is
understood.

The use of computer-generated art
as a way of revealing and exploring
some intrinsic language of the ma-
chine itself is to suggest a rather more
independent and objective relation-
ship between human and machine
than seems justified. But this idea that
mathematical systems have a ‘life of
their own’ is something that we shall
return to later. We now turn our atten-
tion from the computer as artist to the
mathematician as artist, to see if an ex-
amination of mathematical research
can tell us a little more about the
mathematical models that are imple-
mented on and that define the opera-
tion and nature of the computer.



PLATONISM AND
FORMALISM IN
MATHEMATICS
AND ART

Most mathematicians feel themselves
to be discovering true and objective
facts about mathematical objects (i.e.
Platonism [11]), while artists have al-
ways been seen as the individual crea-
tors of what they produce. If we accept
this view of mathematical activity, then
artists working with mathematics (pre-
senting mathematical objects as art)
are put in the position of appropri-
ating a kind of mathematical ‘ready-
made’ by placing it in an artistic con-
text [12]. But can artists legitimately
feel they are able to create their ‘own’
mathematical objects? Are they not
rather in the position of selecting cer-
tain structures that already exist con-
ceptually in an external mathematical
world?

Probably the most successful recent
exhibition of mathematical art was
‘Map Art’, images of iterative map-
pings in the complex plane, produced
by a team of mathematicians and phys-
icists at the University of Bremen in
West Germany [13]. These images
were colour plots of the parameter
spaces and dynamics of some non-
linear functions, particularly of the
simplest one called the Mandlebrot
set. They were created not with artistic
issues in mind but for mathematical
research and for their interest as math-
ematical objects. (It is still a common
presumption that geometric complex-
ity is equivalent to semantic complex-
ity; this tends to promote the view that
pictures of dynamic systems are more
‘artistic’ because of their visual irregu-
larities. This idea, however, is mislead-
ing. Islamic art, for instance, is an ex-
pression of a vast religious and cultural
belief system, but when taken out of
context it appears to many Western
eyes as wallpaper patterns.) Visually
the images are striking; they seem to
exhibit a fairly ordered nesting of
catherine wheel spirals and paisley
patterns but with an infinite degree of
detail that one would not normally as-
sociate with regular forms. They do
not appear ‘mechanical’, but are still
too precise to be manufactured by hu-
man hands. When we come to con-
front them as art, how are we to come
to terms with their existence as math-
ematical phenomena with objective
properties, seemingly independent of

their discoverers, almost like the pro-
ducts of the artificially intelligent art
machines discussed above?

Variations of this impersonal aspect
of mathematical art emerge when we
consider the question of authenticity.
When a mathematician or scientist has
published the results of his research
then that work seems to become the
common property of the scientific
community. It is not appropriate to try
to pursue ownership rights over a law
of nature. Mandelbrot did not copy-
right his set of points so that artists
would not be able to use them. It
might be argued that although no in-
dividual can claim exclusive right to a
scientific theory that is part of the gen-
eral intellectual achievements of hu-
mankind, he or she could take out a
patent on a particular application of
that knowledge. Likewise an artist
might share his ideas about artwith his
fellows and examine the work of
others, but any particular painting or
sculpture that he executes is his and
his alone. But the situation is not al-
ways this straightforward. Consider an
artist (or mathematician) using a
mathematical function to generate
images that he intends to exhibit as
art. While he is at lunch another ‘art-
ist’ comes into his studio/laboratory
and generates a completely different
image just by tweaking one of the
parameters of the function. Is this
small act enough to warrant the in-
truder as the creator of a new work?
And in any case does the original art-
ist have any more right to a mathemati-
cal object whose existence might seem
as objective as the sun in the sky? In
addition, due to the mechanical or
electronic means of production, no
appeal to individuality can be made by
emphasising any stylistic attributes
caused by a traditional manual execu-
tion of the picture. If an artist engages
in mathematical research, can this in
any sense be an artistic activity? If the
artistic act lies mainly in the appropria-
tion of a particular mathematical ob-
ject into an artistic context, we are
close to saying that mathematics can-
not in itself be used as a language for
art and that the artist’s role is little
more than that of a selector.

Itis difficult to explain the power of
mathematics when applied to the ex-
ternal world except by an appeal to
some kind of objective existence. For
example, before the First World War
David Hilbert had developed a gener-
alaistion of Euclidean geometry which
involved a space of infinitely many di-

mensions. Later John Von Neumann
used these ‘Hilbert spaces’ to make
precise the idea of the state of a quan-
tum-mechanical system like an elec-
tron in a hydrogen atom. Likewise in
1932 physicists discovered the posi-
tron, whose existence had been pre-
dicted some years before by P.M. Dirac
on the basis of an abstract mathema-
tical theory. The expansion of pure
mathematics for its own sake has often
borne unexpected fruit in science
[14].

No one today would try to demand
the empirical justification of different
mathematical systems such as the
‘truth’ of Euclidean or non-Euclidean
geometry, and mathematicians are
free to choose between the two. Since
the nineteenth century, mathematics
has come to be seen more and more
as a creation of the human mind, and
Platonism as a philosophy has de-
clined. Platonism had originally been
abeliefin the intuitive truths of the ax-
ioms of Euclidean geometry, but after
the discovery of non-Euclidean geom-
etry and the existence of counter-
intuitive objects such as in Cantor’s
theory of infinite sets, there arose a
concern that intuition could not be
trusted [15]. Mathematical objects
were to be considered valid only if they
could be derived rigourously by logi-
cal deduction from a set of axioms.
Perhaps the logical basis of mathe-
matics guaranteed its correspondence
with the orderly laws of nature.

At first there was an attempt to
reduce the foundations of mathemat-
ics to set-theoretical logic (e.g. Frege,
Russell et al.), but when that proved
too problematic mathematicians
turned to place their faith in the
logical consistency of language itself.
The resulting philosophy formulated
by David Hilbert was called Formal-
ism, and although his ultimate goal of
proving the consistency and complete-
ness of mathematics as a formal system
was shown by Kurt Godel not to be
possible, it became the dominant
foundationist dogma. Formalism
avoided the Platonic absolute char-
acter of mathematical existence and
gave mathematicians the freedom to
explore alternative axiomatic systems,
but by concentrating on the logical
syntax of the language it denied that
mathematics was ‘about’ anything and
tended to empty mathematics of
meaning [16]. This century many
Constructivist artists have pursued
‘formal relationships’ [17], but this
has led to the appearance of a certain
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sterility in their work and an aversion
to mathematics by many other artists.

The formal analysis of mathemati-
cal language led to the idea that if
mathematical propositions were de-
rived logically and consistently from
the axioms in a mechanical fashion,
then maybe the process could be com-
pletelyautomated. This resulted in the
1930s in the beginnings of computer
science in the form of the Turing ma-
chine, the only machine conceivably
powerful or general enough possibly
to be able to solve any mathematical
problem put to it. But rather than
reach any final conclusion on the
limits of mathematics, the project
launched a whole new field of study in
mathematical logic and the theory of
automata, emphasising the open-
ended nature of the issues it was de-
veloped to settle once and for all.

It can be a source of amusement to
ponder the total number of images
that, theoretically, could be produced
on a digital framestore. As a problem
in combinatorics it is easily solved by
raising the total number of colours
available in one pixel by the total num-
ber of pixels addressable. Even for a
framestore of moderate capacity this
number is immense (16 million raised
to the half million would be fairly com-
mon), and this number is usually very
much larger than the total number of
particles in the known universe (about
10 to the 80). Itis interesting to specu-
late on the advantages of working
through and classifying this set of all
possible images—it would include the
faces of everyone who ever lived, a
page or two of tcxt from every book
ever written, a copy of every painting
executed and all possible variations of
each, as well as all sorts of mathemati-
cal graphics and diagrams. But sup-
posing the number of all possible pic-
tures in digital form was much smaller
than this, only about a thousand, say,
and supposing someone generated all
these pictures and exhibited them in
alarge gallery. What would this mean?
Would it mean that they had solved all
problems of the plastic arts? No, be-
cause it makes no sense to talk of solu-
tions without a clear understanding of
the problems. It is rather like an ultra-
Formalist philosopher of mathematics
who believes that all mathematical
theorems are just combinations and
permutations of symbols, or that
painting is merely the business of plac-
ing marks on a canvas.

Turing was a Formalist and tended
to treat mathematics as a game with-

out connection to the outside world.
He avoided explicitly defining what
intelligence really was, just as Formal-
ism avoided asking what mathematics
really was by reducing it to a system of
formal rules. In the Turing model,
thinking became the activity of shuf-
fling abstract symbols; this might be
described as not so much the ability to
think as the ability to dream [18].

By the mid-twentieth century For-
malism had become the official philos-
ophy of mathematics, although most
practicing mathematicians were still
Platonists in that they believed they
were discovering true facts about real
mathematical objects. Formalism was
linked to Logical Positivism, the phil-
osophy of science that rose to domi-
nance in the 1940s and 1950s, and
which has lingered on in the absence
of anything definite to replace it. Its
goal was a unified science expressed in
a formal logical language and with a
single deductive method. In order to
relate theory to experiment, rules
were devised for the interpretation of
results, rules of physical measure-
ment, mass, length and time. Mathe-
matics is viewed as the language in
which scientific theory is formulated
and enveloped, with no independent
subject matter of its own.

The heritage of Frege, Russell and
early Wittgenstein left a school of
Analytical Philosophy in which the
central problem is the analysis of
meaning using the logical syntax of
language. The philosophy of mathe-
matics was identified with the study of
logic and formal systems, making an
account of its historical and pre-for-
mal development an irrelevance [19].

In 1934 there was arevolution in the
philosophy of science when Karl Pop-
per proposed that scientific theories
are not derived simply by inductive
logic from experimental observations,
but are invented hypotheses which are
then subjected to critical analysis. A
theory is scientific if it is capable of
being tested and refuted—if it survives
it attains some degree of credibility
but can never be proved. In the 1960s
Imre Lakatos decided to apply this
approach to the philosophy of mathe-
matics.

MATHEMATICS
AS CULTURE

Lakatos’ major work, Proofs and Refuta-
tions, describes a classroom dialogue
[20]. The students are made to take
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the parts of various historical figures
in mathematics as they try to find a
final version of Euler’slaw V-E + F =
2 for solid polyhedra. During the re-
sulting discussion, different pupils put
forward different theories that they at-
tempt to prove and disprove by argu-
ment and counter-examples. At the
same time Lakatos details the corre-
sponding historical events in a series
of footnotes, showing the role that
proof plays in the development of
mathematics and the formation of
concepts. Lakatos uses this represen-
tation of history to show that mathe-
matical knowledge grows like natural
science, by the continual criticism and
correction of its theories. ‘Proof’ in
this context does not mean the me-
chanical process by which theorems
are derived from axioms; itisa method
of explaining new ideas more fully, of
justifying and elaborating them. Laka-
tos describes the use of proof and logi-
cal deduction in mathematical re-
search as it is practiced every day by
mathematicians. He uses this to show
that the Formalist view of mathematics
is an abstraction that is hardly to be
found anywhere outside textbooks on
symbolic logic. Lakatos argues that the
dogmatic foundationist philosophies
of mathematics are untenable because
of their inability to accept the informal
growth of mathematics as the basis of
mathematical knowledge.

What gives mathematics its descrip-
tive power is its close relationship to
other areas of human thought—be-
cause it is consistent with our cultur-
ally defined beliefs [21]. Similarly, em-
pirical science is seen to be successful
simply because we are in a society
which places high value on the areas
in which the scientific method is ap-
propriate. The search for solid foun-
dations for mathematics in logic was
like the need of a subculture to
strengthen its own identity. After it was
discovered that logic was not a unique
theory, it became another branch of
mathematics. Mathematical concepts
are like cultural artifacts, continually
expanding in a way that prevents any
final definition or perfect rigour. The
meaning of mathematical objects lies
in the shared understanding of hu-
man beings, not in external reality. In
this respect it is similar to an ideology,
religion or art form,; it is intelligible
only in the context of human culture.
Having said this, can we get an idea of
what cultural or artistic values could
be identified in a mathematical art?



MATHEMATICS AS
COMPUTER ART

The only objects that can be studied
visually are ones that can be ‘con-
structed’, that is, classes of mathemati-
cal objects of which an actual example
can be constructed (in contrast to ob-
jects whose only reason for being is
that it would be logically contradictory
for them not to exist). Here then isa
movement away from dialectical and
existential mathematics, towards the
concrete and algorithmic. Indeed, La-
katos describes his philosophy as
‘quasi-empiricist’ [22].

In mathematical research, graphics
generally are used to explore the struc-
ture of an object and to reveal proper-
ties not so immediately apparent using
other means. Any visually perceived
regularities can then be followed up by
more rigourous methods of study.
One example of this is in the field of
research into cellular automata [23].
To some mathematicians it seems in-
appropriate to make mathematical
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judgments based on graphical repre-
sentations (‘Pictures don’t prove any-
thing’). But it is strange to think that
the very first proofs were prompted by
geometric forms—Thales’ theorem
that a circle is bisected by its diameter
is the first recorded, in about 600 BC,
and it is difficult to see how he would
have been inspired to form this con-
cept without the stimulus of his dia-
grams. This intuitive certainty of the
properties of the visual world seemed
to justify the construction of the ax-
iomatic system and the deductive
method itself. It was appreciated by
the ancient Greeks that some facts of
number theory could be more easily
proved by representation as geometri-
cal figures [24]. Since then the reverse
has tended to be the norm. Geometri-
cal intuition came to be distrusted in
the nineteenth century, partly due to
the discovery of fractal ‘monster’
curves whose analytical properties
seemed to defy geometrical sense
[25]. These contentions were resolved
by the re-definition of geometry using
point sets in the 1930s, but by then the
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search for foundations in mathemat-
ics had shifted focus. It would be un-
fair, however, to blame this episode on
any supposed inadequacies of percep-
tion rather than on the inability of
analysis to model the human visual sys-
tem.

Proof is only one tool whereby
mathematicians progress in their un-
derstanding of the objects they study,
and itis meaningless without regard to
the current state of mathematical con-
sciousness. There is no reason to de-
value properties as being irrelevant to
the aims of mathematics. This is to say
that both mathematicians and artists
have cause to be interested in graphi-
cal representations of the conceptual
forms of mathematics. Graphics are
used as a method of visual thinking
similar to a designer sketching out his
or her ideas; they are not just to com-
municate information.

There is now a tendency to view
mathematical formulae as processes to
simulate phenomena rather than to
describe their structure explicitly. It is
becoming clear that general laws to
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describe the behaviour of many natu-
ral systems may not exist, and that they
can only be studied by direct simula-
tion [26]. Once the system has been
constructed it can be studied as an ob-
ject in its own right. This stresses the
creative aspects of mathematics and
the importance of using all humanity’s
perceptive faculties; it is a move away
from analysis to synthesis. Systems with
an unpredictable character might find
more personal resonance in a specta-
tor. But even with unpredictable dy-
namics, it would still take an act of
creative perception to recognise their
characteristics as significant or mean-
ingful, rather than just autonomous
facts. Fractal curves were around for
over a century before their relevance
was discovered (or created). It has
been said that mathematics can gen-
erate ‘unimaginable’ forms, but these
forms must be imbued with some per-
sonal relevance by their instigators in
order to merit any attention at all.
There is no mathematics of art, only
mathematics as art. Any mathematical
model becomes the content of the art-
work. It is used to create, and mathe-
matics can form the subject of art by
virtue of its function as an expression
of human sensibilities. Mathemati-
cians are free to build theories and to
make pronouncements about them,
but this activity is not arbitrary. Their
development must satisfy some cogni-
tive need, and itis in the wider context
of such needs that the artist operates.
Our humanistic definition of mathe-
matics allows a more artistic evalua-

tion of mathematical concerns—the
quality of the existence of mathemati-
cal objects like numbers, the nature of
mathematical truth.

Issues in the philosophy of mathe-
matics can be generalised to the artis-
tic arena. It is appropriate to subject
the products of mathematical re-
search to all the methods that are
usually applied in order to come to
terms with cultural artifacts like art,
the tension between objectivity and
subjectivity, their metaphorical mean-
ings and the character of represen-
tational systems.
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Editor’s Note: The reader is referred to Color
Plate A No. 3 for an illustration by Richard
Wright.




COLOR PLATE A

No. 1. Top. Joan Truckenbrod, Time Knit, digital photograph,
24 x 26 in, 1988.

No. 2. Bottom left. Brian Evans, fractal image created usm7g
Newton’s method for finding roots of the equation fiz) =z" - 1.
The RGB triplet measure for this image is 1:1:1 with total
intensity at half of full.

No. 3. Bottom right. Richard Wright, Parameter Space, software:
artist’s software in ‘C’; hardware: VAX 11/785, Gems Framestore,
Dunn Film Recorder; format: 35-mm slide of computer-generated
image. 1987. A fractal sine function was used to solid texture map
a conical arrangement of spheres. Computer algorithms can take
arbitrary sets of data and fuse them together to create an object
that possesses the quality of tangible reality.



